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Abstract 
The determination of the three 
dimensional distributions of impurities 
and dopants at low concentrations in 
solid materials is possible using either 
ion probes or ion microscopes. The 
potential depth resolution in such 
determinations is of the order of 1 nm 
while the lateral resolution is limited 
to about 10-100 nm by collision 
processes. Ion microprobes are 
approaching these limits while ion 
microscope lateral resolution is 
currently ~ 0.5 µm. Ion microprobes have 
the advantage of a relatively simple ion 
detection and image formation system but 
at the expense of speed of data 
accumulation. Ion microscopes accumulate 
image information simultaneously over 
the ent ire image area but require much 
more complex image data handling 
systems. The best ion imaging systems 
retain all of the dynamic range of the 
normal ion counting electronics. As 
improved lateral resolution is achieved, 
the limits of detection at the same 
depth resolution must necessarily 
degrade due to the destructive nature of 
sputtering. Progress on the many prob-
lems of conversion of ion images to 
quantitative concentration maps is 
discerned as many applications begin to 
appear in the literature. 
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Introduction 
Secondary ion mass spectrometry 
( SIMS l is a microanalysis technique in 
which a solid specimen is bombarded by 
ions whose energies are a few to about 
40 keV. In the collision process, atomic 
and molecular particles and ions are 
sputtered from the specimen with 
ener gies which can range up to at least 
several hundred electron volts. The 
secondary ions are extracted into a mass 
spectrometer and analyzed according to 
their mass to charge ratio. Since 
individual ions can b e detected and 
secondary ion yields can be high, SIMS 
is one of the most sensitive techniques 
for analysis of small volumes of 
material. The process of ion bombardment 
is a destructive one and the specimen is 
gradually consumed during the analysis. 
As a con sequence, the measurement of 
secondary ion intensities as a function 
of time also measures the intensity as a 
function of depth in the specimen. The 
emitted secondary ions originate from 
th e first two or three atomic layers 
[17] and ion interactions do not spread 
out laterally as much as electron 
interactions so that depth resolution 
can be as good as perhaps 1 nm with 
submicrometre lateral resolution also 
possible. Thus, the SIMS technique can 
be used for three dimensional (3 - D) 
analysis of low concentration 
i mpurities. This paper discusses the 
progress made toward 3-D materials 
analysis using SIMS. 
Instrumentation 
Two general types of commercial 
SIMS instruments are capable of 3-D 
analysis of materials: (1) ion 
microprobe instruments which are 
produced by several manufacturers and 
research groups around the world 
[ 19 , 2 5 , 2 6 , 3 6, 4 8 , 4 9] and ( 2) the ion 
microscope produced by Cameca 
(originally as the IMS 300 [7, 34] then 
J.D. Brown 
as the IMS 3f and 4f models (27, 35]). 
Since the 3-D analysis is produced in 
very different ways on the two types of 
6 instruments, it is useful first to 
discuss the advantages and disadvantages 
of each type of instrumentation. 
Ruedenauer (39] has suggested the design 
of a fourth generation instrument which 
would provide both ion microscopy and 
scanning ion imaging. 
Ion Microprobes. In an ion micro-
probe, a finely focussed primary ion 
beam is rastered across the surface of a 
specimen while the secondary ions 
released from the approximate point of 
impact are mass analyzed in a quadrupole 
or magnetic mass spectrometer. The 
lat eral resolution is primarily 
dependent on the diameter of the 
primary ion beam. The smaller the 
diameter, the better is the lateral 
reso]ution at least until the beam size 
approaches the dimensions of the cascade 
volume in the mat erial. This represents 
the fundamental limit for lateral 
resolution in SIMS instruments. With an 
ion probe instrument, the mass 
spectrometer can be designed to accept a 
very large fraction of the secondary 
ions. Since the SIMS method is 
destructive, efficient collection of the 
secondary ions is critically important 
for optimising the detection 
sensitivity. With the advent of liquid 
metal ion sources (14,20,37), several 
groups have demonstrated sub-micrometer 
lateral resolution on ion probe 
instruments. Resolution as good as 3 to 
10 nm have been achieved in the SIMS 
microprobe analysis of major 
constituents by these research groups 
(22,23,48]. 
The process of forming an ion 
image is particularly simple in these 
instruments and is analogous to the 
production of X-ray images in an 
electron microprobe or a scanning 
2lectron microscope. The intensity of 
the image on an oscilloscope screen is 
modulated by the appearance of an 
electrical pulse corresponding to the 
detection of a secondary ion of correct 
mas s/charge ratio selected by the mass 
spectrometer. For each ion detected, a 
spot on the screen is produced and the 
position corresponds to the position of 
the primary ion beam on the sample 
surface. Since this image detector need 
only detect the presence of an ion, and 
not its energy or position, the detec-
tion system can be quite simple both for 
qualitative and quantitative 
measurements. 
However, several problems are 
ass ociate d with this imaging system. 
For example, high count rates which can 
saturate the detector can be produced 
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( >10 6 /s) even at rather modest primary 
ion beam currents. In addition, a 
problem not encountered in an electron 
microprobe X-ray image (since photons 
travel at the speed of light), is the 
time which a relatively low velocity 
secondary ion requires in passing 
through a magnetic sector mass 
spectrometer to reach the detector. The 
ions must travel one to two metres and 
the elapsed time is the order of a few 
tens of microseconds. Since the 
secondary ions are accelerated to con-
stant energy, their velocity depends on 
mass and thus this ion transit time 
depends on mass. As a consequence of 
this mass dependent transit time, proper 
registration of the ion image on the 
oscil loscope screen requires utilizing 
either a limited scan rate or a program-
med mass dependent delay. An example of 
the influence of this transit time on 
ion image acquisition can be found in 
the paper by Brown and Vandervorst [3] 
on a scanning ion imaging system used 
with a Cameca ion microscope. The time 
required for a secondary ion of mass 27 
to reach the detector is about 14 micro-
seconds in this instrument. An even more 
severe ion transit time problem exists 
for a quadrupole instrument since the 
ion energies are about 10 eV. Wittmaack 
(50] has reported times on the order of 
100 microseconds for ions to pass 
through such a spectrometer, which 
seriously constrains the scan rate for 
this instrument. 
The relative simplicity of the ion 
microprobe image system is somewhat 
offset by the fact that the image is 
developed on a pixel by pixel basis in a 
sequential mode. For an image resolution 
of 256 x 256 pixels, about 64,000 pixels 
must be scanned and even with the very 
short counting time per pixel of 1 ms, 
64 seconds would be required to obtain a 
single image. This low rate of data 
accumulation is one of the major 
drawbacks of the ion probe instruments. 
Another important factor in such 
instruments is the accumulation of 
contamination from the vacuum system 
which occurs during any time that the 
ion beam is not actually incident on an 
area of the specimen. The consequence of 
this contamination is a loss of 
sensitivity for the e lements present in 
the residual gases of the vacuum system 
(principally H, C and 0) (18]. In fact, 
oxides and carbides are very difficult 
to identify at slow scanning speeds. The 
obvious solution is a better vacuum 
system but such is not always easy to 
implement in a SIMS instrument. 
Ion Microscopes. The ion 
microscope employs a large diameter 
primary ion beam and specialized ion 
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optics to maintain the spatial distri-
bution of the secondary ions sputtered 
from the specimen surface throughout the 
mass spectrometer. The resolution for 
this instrument is determined entirely 
by the secondary ion optics and is on 
the order of 1 µm in present state of 
the art instrumental designs. Good 
detection sensitivity in ion microscopes 
is achieved by using a high efficiency 
transfer optics system which transmits 
the secondary ions from the specimen 
surface to the entrance of the mass 
spectrometer [43,44]. However a limita-
tion to sensitivity is the requirement 
that a reasonably narrow range of 
secondary ion energies be selected to 
obtain optimum lateral resolution. 
Since the ion microscope produces 
a spatially resolved, large diameter 
secondary ion image signal, an image 
and detection system on this instrument 
must detect both the presence and 
position of the secondary ion signal in 
the image. The standard ion image 
detection system for the ion microscope 
is a micro-channel plate {MCP) image 
intensifier followed by a fluorescent 
screen. The light output from this 
detector can be viewed through a 
microscope, recorded on 3 5 mm film or 
viewed with a video camera [35]. 
However, the analog nature of these 
photographic recording processes does 
not provide a direct measure of the ion 
intensities in these images. In order to 
obtain more quantitative image intensity 
information, both video camera detection 
[ 4, 15, 21] and resistive anode encoders 
[ 3 0, 31] have been employed. Image 
resolution at 256 x 256 pixels requires 
that the position of each ion making up 
the image be determined with 8 bit 
precision in both the X- and 
Y-directions. 
The video camera replaces the 
conventional film camera and no 
internal equipment modification is 
necessary except perhaps for replacing 
the single MCP intensifier with a dual 
microchannel plate { DMCP) unit to 
increase the output intensity of the 
fluorescent screen {Figure 1). Secon-
dary ions incident on the DMCP produce 
secondary electrons which are acceler-
ated down the channel by the applied 
potential gradient. These secondary 
electrons collide many times with the 
walls producing additional secondary 
electrons. The amplified burst of 
electrons exits the DMCP and is 
accelerated onto the fluorescent screen 
producing visible light. The light from 
the screen is collected with a lens 
system {e.g. a standard 35 mm camera 
lens) and falls onto the video camera 
sensor. Charge coupled devices {CCD) are 
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high sensitivity low noise video camera 
sensors which consist of a matrix of 
~hotosensitive elements in which charge 
is accumulated in proportion to the 
intensity of light falling on each 
ele ment. This accumulated charge is 
subsequently read out by scanning the 
detector array. The output from the 
video camera video sensor can be dis-
played on a TV monitor, recorded onto 
video tape or digitized and stored with 





Cam e ra lens 
CCD imn~e camera 
Figure 1. Schematic diagram of a CCD 
imaging system for an ion microscope. 
Since the Cameca ion microscope can 
generate secondary ion intensities of as 
high as 10 9 ions per second the ideal 
imaging system would have ; very high 
dynamic range. Since the useful dynamic 
range of the conventional one-dimension-
al electron multiplier detector is 10 6 
a two-dimensional image detector havin; 
this dynamic range would be very useful. 
Since state of the art digital image 
processing {DIP) systems have only 8 
bits of amplitude resolution, {ignoring 
any effects of noise in the image) the 
maximum dynamic range in any ;iven 
video image is 255 for each pixel. 
However an intensity of 10 7 c/s if 
uniformly distributed over an image 
containing 64,000 pixels, is only 150 
c/s/pixel, well within this 8 bit 
dynamic range. A major problem then is 
to ensure that the background noise in 
the camera is sufficiently low. The 
dynamic range of camera based DIP 
systems has been shown to be close to 
that of the normal electron multiplier 
counting system if the gain of the DMCP 
intensifier is suitably variable for 
J.D. Brown 
different secondary ion image 
intensities [5]. 
An alternate image detection method 
for the ion microscope is the resistive 
anode encoder [30]. A schematic of this 
kind of detection system is shown in 
Figure 2. The normal fluorescent screen 
after a DMCP assembly is replaced by a 
sheet of resistive material. The pulse 
of charge exiting the DMCP impinges on 
the resistive material and is carried 
off to contacts at the corners. The 
ratio of the magnitude of the charge 
collected at the anode corners is used 
to calculate the incident charge 
position. To obtain 256 x 256 image 
resolution, the ratio of the magnitude 
of the signals must be determined with 8 
bit accuracy. Since the position 
computing electronic circuitry has a 
computation time on the order of 10 
microseconds fo r 8 bit position 
resolution, the maximum count rate is 
limited to about 100,000/s with current 
charge ratioing circuitry . On the other 
hand, these detectors are low noise 
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2. Schematic of resistive anode 
analysis system for an ion 
microscope. 
a one to one correspondence between 
secondary ion intensity and image 
intensity [10]. The count rate 
linearity of these detectors is also 
excellent. 
A CCD Based Quantitative Image system 
We have constructed a CCD based 
image analysis system at the University 
of Western Ontario in which the CCD 
element consists of a 280 x 209 matrix 
























represents a compromise between image 
detail and magnitude of the data 
handling problem. For a 150 J.ilTI field of 
view, this camera provides resolution 
which is totally compatible with the 
~ 1 J.ilTI resolution in the image. 
The CCD chip can be cooled to as 
low as -30°C using dry nitrogen cooled 
by passing through a coil immersed in 
liquid nitrogen. This cooling is 
necessary in order to operate the camera 
at below TV scan rates. Operating at TV 
rates introduces a series of problems 
associated with the mass of data which 
is generated by creating 30 images with 
60 Kbytes of information every second. 
Researchers have used fast and expensive 
frame buffers [ 1, 33), video tape 
storage systems [ 2, 28] or laser disk 
recorders [21] to address this data 
handling problem. We have chosen to 
integrate the images within the CCD 
camera itself, dumping out images only 
every few seconds as required. Because 
of thermally generated currents, a 
charge is continuously being 
accumulated in the CCD array elements. 
The magnitude of this charge is 
proportional to the total imag e 
accumulation time and increases with 
increasing temperature of the chip . 
The accumulated charge is swept out of 
the chip during the read out process. 
In order to increase the time between 
r e ad out cycl e s, cooling of the chip is 
necessary. The effect of cooling on th e 
t o tal dark current charge is shown in 
Figur e 3 . Cooling has resulted in 
practical exposure times of about 10 
seconds. This is consistent with th e 
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Figure 3. Charge accumulation in a CCD 
image chip at room temperature (---) 
and cooled to -10°C (- - -). 
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microscope in which in depth profiling, 
data acquisition times of several 
seconds are typically used. Another 
important characteristic of the camera 
system is dynamic range. To test the 
camera system, depth profiles of a 
boron implant in silicon were run on 
the same specimen using the conven-
tional detection system followed 
immediately by the camera system. To 
get the total count in the camera 
system, the data, after correction for 
dark currents, were summed over the 
entire area of the chip. As can be seen 
in Figure 4, the dynamic range of the 
camera depth profile is within about a 
factor of 10 of the conventional 
counting system. However, the number of 
analysis points is reduced in the 
camera profile because of additional 
elapsed time between measurements. The 
main limitation in the dynamic range of 
the camera based system is the higher 
background noise. Further attempts to 
improve the dynamic range will require 
computer control of the channel plate 
gain as has been done by Bryan et al 
[ 5]. 
+ electron multiplier 
(0 o CCD camera 
0 ... 
~.-+.p 
Ol ,f .i:o +,l 
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Figure 4. Comparison of depth profiles 
using electron multiplier ( +) and CCD 
camera detection (o). Bin Si at 50 keV 
to a total dose of 3 x 10 15 a/cm 2 • 
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The data from the CCD camera are 
digitized then transferred into a Compac 
286 computer with 5.2 Mbytes of internal 
memory. Data are stored on 10 Mbyte car-
tridge discs. About 150 images can be 
stored on a single replaceable disc, 
sufficient for most depth profiles. This 
system will not be discussed further 
since once the data have been stored 
standard image analysis programs can be 
used to manipulate the data. 
Problems in 3-D Profiling 
The objective of being able to 
produce a 3-D view of the concentration 
of elements in a specimen is a very 
difficult if not impossible goal to 
attain. Some of the many physical and 
technological problems that must be 
overcome have been discussed in papers 
by Coburn [9], Ruedenauer [38,39], 
Morrison and Moran [29] and Evans [13]. 
Some of these problems have at least 
partially been attacked by a number of 
researchers but for others only the 
problem has been identified. 
Sample Inhomogeneities. In depth 
profiling homogeneous specimens, the 
specimen is assumed to be sputtered in 
a uniform manner over the total crater 
formed by the primary beam. In 3-D pro-
filing, the specimen is not laterally 
homogeneous and therefore both the sput-
ter rate and secondary ion yield will 
vary from point to point over the sur-
f ace. Both of these effects depend on the 
local composition. The measured secon-
dary ion intensities also reflect these 
changes. Thus,in principle, both effects 
should be amenable to correction based 
on a point by point examination of the 
secondary ion intensities of at least 
the major elements present. This has not 
yet been accomplished, but Steiger and 
Ruedenauer [45] and Schilling and Buger 
[ 42] have described methods to correct 
for secondary ion yields based on the 
LTE model and Drummer and Morrison [11] 
used relative sensitivity factors. To 
correct for sputter rate, Patkin [33] 
used a method in which the appearance of 
secondary ions from the substrate indic-
ates the sputter through of a biological 
thin section. The depth scale was then 
adjusted point by point on the basis of 
this information. In principle, the sec-
ondary ion intensities could be used to 
gain an approximate composition from 
which the sputter yield could be calcu-
lated based on total sputter yield data. 
Better total sputter yield data are re-
quired. Elder and Brown [12] have sug-
gested a method for measuring total 
sputter yield based on determining the 
total implant dose in the bottom of the 




Figure S. SEM images of a specimen of 
egg albumen on a gold plated substrate. 
(b) and (c) are magnified images of the 
sputter crater seen in the upper left 
centre of (a). (Courtesy of A. P. Von 
Rosenstiel) 
Surface Roughening. Ion beam 
sputtering generally produces surface 
roughening by two processes. First, 
total sputter yields are different for 
areas of different compositions. Thus, 
for example, small precipitates will 
sputter either more quickly or more 
slowly than the surrounding matrix. The 
consequence is that precipitates create 
little islands which stand above the 
general surface or depressions which lie 
below it. As a consequence of these 
islands or depressions, the second 
effect which is a total sputter yield 
dependence on incidence angle further 
exaggerates the roughening. An extreme 
example of surface roughening can be 
seen in Figure S which is a specimen of 
egg albumen into which a crater has been 
sputtered using a N+ primary ion beam. 
2 
The crater can be seen as the small 
square near the upper left centre of 
the scanning electron micrograph 
(Figure Sa). Magnified images of the 
crater are shown in Figures Sb and Sc. 
Note that although the original 
material has quite a smooth surface, 
the crater bottom is considerably 
rougher with very sharp projections as 
seen in Figur e Sc . The roughening will 
not necessarily lead to predictable 
changes in th e secondary ion 
intensities in fact the positive 
secondary ion intensities from the 
total crater became constant after an 
initial transient of ~ 20 s. Thus the 
roughening may not be correctable based 
on the measured secondary ion intensity 
data. 
Another problem of surface 
roughness has been investigated by 
Ruedenauer and Steiger [40] who both 
theoretically and experimentally 
determined the redistribution of 
elements in the vicinity of a step on a 
specimen surface such as is present at 
the conducting strips on an integrated 
circuit. This process is an inherent 
property of sputtering. Such 
redistribution represents a serious 
limitation to the determination of low 
concentration elements in the vicinity 
of regions containing high concentra-
tion species. 
Sensitivity Limitation. The 
purpose of 3-D depth profiling is to 
gain some insight into the true distri-
bution of elements in a specimen at the 
major, minor and trace concentration 
levels. One very important application 
is the 3-D determination of dopants in 
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semiconductor devices. For blanket 
implants of many dopants, concentration 
levels down to 10 1 4 atoms/cm 3 can be 
detected and these levels are important 
in device performance. This SIMS 
detection sensitivity assumes that a 
laterally uniform specimen of unlimited 
dimensions is analyzed. To improve 
lateral resolution, the lateral 
dimensions of sample from which 
sputtered ions reach the detector must 
be reduced with an inevitable reduction 
in detection sensitivity. Since SIMS is 
a destructive technique secondary ions 
must be analyzed and detected as they 
are emitted, since they are no longer 
available for analysis. ( In other 
non-destructive techniques such as 
electron probe microanalysis, smaller 
analysis volumes may be compensated by 
increased analysis times since the 
atoms remain in place to be excited 
repeatedly thereby maintaining 
sensitivity.) In a typical SIMS 
analysis of a 50 keV boron implant into 
silicon to a total dose of 3 x 10 15 
atoms/cm 2 , the measured secondary ion 
intensities are extracted from a 150 µm 
diameter region of the specimen. The 
peak concentration for such an implant 
is 1 .8 x 10 20 atoms/cm 3 • The secondary 
ion s ignal for 11 B would be 2.1 x 10 5 
c/s at the peak using an o2 primary 
ion b e am current of 850 nA. Under these 
conditions with a count time of 3 
seconds, approximately 5 decades of 
dynamic range would be achieved giving a 
sensitivity for boron of 2 x 10 1 5 
atoms/cm 3 • In that analysis time, 
approximately 1.4 nm of silicon would be 
sputtered so that sensitivity can be 
achieved in a sputtered volume of 3.14 x 
75 2 x 0. 0014 = 25 µm 3 • Reducing this 
analytical volume at this sensitivity 
can only be achieved by increasing the 
ionization or collection efficiency of 
the secondary ions. 
Suppose that we are interested in 
a structure which has dimensions of 1 x 
1 µm. The area from which ions are 
extracted is reduced by a factor of 
about 17,000. For the same thickness 
(1.4 nm) the detection limit is reduced 
by at least 4 orders of magnitude. To 
improve on this limit, you must use 
longer count times (i.e. , decrease 
depth resolution) or relax the lateral 
constraints. The decisions regarding the 
necessary size of the analytical volume 
can be made after the analysis is 
completed if digital image information 
is acquired and stored. Frequently, 
selected areas in a structure, or 
repeating structures can be chosen to 
increase sensi ti vi ty. The reduction in 
detection sensitivity with decreasing 
analysis volume is a fundamental fact of 
life for any destructive microanalytical 
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technique. Thus the impqrtance of 
maximizing the efficienc ·y with which 
secondary ions are collected and 
measured cannot be overestimated. 
Ion Beam Mixing, Selective 
Sputtering and Diffusion . When an 
energetic ion strikes a specimen, 
strong interactions occur with atoms of 
the specimen which lead to displacement 
of the atoms from their original 
positions [ 6] . These displacements can 
move atoms either further into the 
specimen or closer to the specimen 
surface [ 8, 32, 47]. The result is that 
interfaces are broadened and smeared and 
concentration gradients are diminished 
both in depth and laterally. The 
traditional method of evaluating ion 
beam mixing effects is to sputter 
through a layer deposited on a plane 
surface while measuring the secondary 
ion intensities [ 24]. The sharp inter-
face is replaced by a gradual diminution 
of intensity with greater or lesser 
slope. Ion beam mixing effects can be 
reduced, but never completely elimin-
ated by using a lower primary beam 
energy. 
A second effect which will broaden 
the appearance of interfaces in second-
ary ion intensity measurements is 
selective sputtering. In a surface 
composed of two different kinds of 
atoms, the probability of sputtering 
eac h kind of atom is not identical but 
the atom with the higher mass will 
generally have a lower sputter prob-
ability. As a consequence, the surf ace 
will become enriched in the higher mass 
components relative to the bulk concen-
tration [16,41]. A consequence is again 
that concentration changes will be 
smeared out in the measured secondary 
ion profile. This effect is frequently 
di f ficult to distinguish from ion beam 
mixing, although surface sensitive tech-
niques such as Auger electron spectros-
copy can distinguish the surface enrich-
ment layer. 
Radiation enhanced diffusion is 
the rather rapid movement of atoms with-
in the solid in regions of the specimen 
in which large amounts of radiation 
damage increase diffusion rates. The 
energy deposited by the primary ion beam 
may also supply some of the energy 
required to move the atoms. An 
interesting diffusion driven effect is 
the observation that when sputtering 
silicon using an oxygen primary beam 
under conditions where SiO 2 can form as 
a surface layer in the specimen, 
impurities can be dragged along to 
deeper depths in the specimen due to 
diffusion from the oxide layer to the 
interface [46]. This diffusion has been 
shown to depend both on the solubility 
in the oxide as well as on thermal or 
J.D. Brown 
sample voltage gradients. In insulating 
specimens one 'can _ e~pect to see the 
diffusion of ions resulting from an 
internal electric field built up by the 
ion bombardment in a similar manner to 
what has been observed with electron 
beams. 
Conclusions 
Many examples of systems for 3-D 
depth profiling using either ion probe 
or ion microscope SIMS instruments have 
appeared in the literature. Applications 
are now beginning to be published 
reflecting the increasing interest and 
potential of this technique for three 
dimensional characterization. The 
difficult problems which have been 
outlined above will limit the applica-
tions of the method; however, the quest 
fo r r e liable three d i mensional infor-
mation on the composition of micro-
structures is a powerful driving force 
toward further developments. 
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Discussion with Reviewers 
K Wittmaack: In Figure 4 the shape of 
the profile measured with the camera 
system is different than that measured 
with the conventional electron 
multiplier. Why? 
Author: In preparing Figure 4, we had 
been mostly concerned with a comparison 
of the dynamic range of the camera 
system - but the curves do indeed bear 
closer examination. Small differences 
in the intensity with time could have 
resulted from small differences in 
primary ion beam current with time. 
This could account for the minor 
displacement of the curves. But two 
other effects remain. The convention-
ally determined profile has a slightly 
narrower peak and on the decreasing 
side, two orders of magnitude down from 
peak intensity is a bulge which is 
lacking in the camera profile. Since 
the curves were normalized at the peak 
intensity, the wider profile with the 
camera system could result from a non-
linear response of the camera system at 
high count rates which would tend to 
flatten the top of the peak. 
We have ascribed the bulge on the 
side of the profile to a knock on pro-
cess from the region of high concen-
tration. The effect is seen in low 
energy boron implants measured with 
Brown 
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oxygen when using the conventional 
system. The absence of such a 
sputtering artifact in the camera 
profile casts doubt on such an 
interpretation. Both of these effects 
are worthy of further study. 
